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Based on theoretical calculations by our non-relativistic configuration.interaction computer code, we have successfully identified the x-ray spectra from the cobalt plasma produced by high-power laser. Here we focus on the s ectra consisting of x-rav line emission from the N-like ans Cbeen identified.
In the controlled nuclear fusion research, the electromagnetic radiation from high Z (atomic number) atomic ions has important effects on formation of high-temperature plasmas. The photon-emission from high Z atomic ions in x-ray regions can also be utilized to diagnose the high-temperature plasmas. Another important research focuses on the x-ray stimulated emission where highly ionized atoms are as laser active media [ I ] . For these reasons, it is interesting to study various spectra emitted from high Z ions in x-ray regions. We have established the Non-Relativistic and Relativistic atomic Configuration Interaction methods (NRCI and RCI) to calculate excitation energies as well as radiative transition probabilities for optical allowed and forbidden transitions [ 2 ] . Now our NRCI computer code has been improved. It can be conveniently and efficiently applied to perform theoretical calculations for any neutral or ionized atoms. Here we present our results for the N-like and C-like cobalt ions.
Our experiments were performed in Shanghai Institute of Optics and Fine Mechanics. The high temperature cobalt plasma was produced by a Nd glass laser with power intensity about 5x1013 W/cm2. The x-ray spectra from 4.5 to 15.0Awere measured by a.TALP crystal spectrometer and recorded on a 5F medical x-ray film [ The sub-orbitals with the same principle quantum number will be quasi-degenerate. Then the configurations with the 2s orbital occupied and unoccupied should be taken into account. The excited orbitals with the principle quantum number (n< 6 ) and angular momentum (&<2) are considered. More specifically, the following configurations are taken into account in our calculations:
(1) lsz2s"pm, ls22sz2pm-lnp, 1s~2s2pmnsJ ls22s2pmndJ ls22pm+z, lsz2p=+lnp and (2) ls22s22pn-Ins, ls22s22p~-1ndJ 1s22sZpmtl, ls22s2p"npJ ls22pm+lns, lsz2pa+lnd where m=3 for the N-like ion, and m=2 for the C-like ion. The N-like ion has 12 LS terms: ZS, ZP, 2D, 4S, 4P, 4D, 2SoJ ZPo, 2D0, 4S0, 4P0, 4DO. The C-like ion has 12 LS terms: IS, 'P, ID, 3S, 3P, 3D, lSo, lPo, %DO , 3S0, 3P0, 3DO. Our theoretical calculated x-ray transition energies agree with the identified experimental line positions [3, 7] within a few thousandths. The calculated oscillator strengths are anticipated to be accurate within a few percent. Here, we calculated all of the possible spin allowed transition arrays to obtain their x-ray transition energies and their oscillator strengths. Many new x-ray spectral lines have been identified for the first time. Table I lists some of our calculated results for the spin allowed transitions from the N-like and C-like cobalt ions compared with theoretical measurements. The calculated radiative transition rates multiplied by the Boltzmann factors with the plasma temperature T=272 eV are shown proportionally as the vertical lines in Fig.1 . The calculated lines are generally matched with the experimental spectral pattern. It implies that the high temperature cobalt plasma is not far from the LTE.
Our NRCI computer code should be a very useful tool to analyze the x-ray spectra. Furthermore, the calculated oscillator strengths are very helpful to identify the unknown x-ray spectra. For the N-like and C-like ions, the calculated x-ray transition energies agree with the experimental line positions within a few thousandths. Many new x-ray lines have been successfully identified; the above mentioned transition lines involving levels without 2s orbital are found to be important. On the red side of the experimental spectra, some transitions between 12.1 and 12.4A are possibly from the F-like or 0-like cobalt ions as shown in Fig.1 . On the blue side, several strong lines are not known yet which may be from the B-like or Be-like ions as indicated in Fig.1 . Additionally, a few x-ray lines (such as 11.672, 11.576, 11.492, 11.367A, etc) may be due to the spin forbidden transitions or the fine structure splitting of the x-ray transitions.
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